In Japan, after the period of initial confusion following the Second World War, food supply increased and the deficiency of energy and/or protein gradually lessened in importance as a problem. Instead, deficiencies of minerals and essential trace elements and excess intakes of energy and lipid have recently become common nutritional problems, in particular among city dwellers .
In growing children, the risk of deficiency of minerals and trace elements may be greater than in adults because of their larger requirements for growth . Among them, zinc attracts our special attention because of the discovery of adolescent nutritional dwarfism resulting from zinc deficiency in the Middle East (1) and of retarded growth caused by mild zinc deficiency recognized in North America (2 , 3) . Mild zinc deficiency has, thus, become a concern of public health personnel for a population with a marginal to inadequate zinc intake but otherwise healthy (4). However, whether Japanese children's zinc nutriture is adequate or not has not been investigated.
The second problem is iron deficiency in children. Recently , high prevalence of iron deficiency (transferrin saturation<16%) was recognized for a group of Japanese children in Osaka City, 46.2% for 1-to 6-year-olds and 32 .6% for 7 to 10-year-olds (5) . Among these children 1 to 6 years old , about 40% showed hemoglobin levels lower than 12 g/dl (5) .
In addition to these problems, increased lipid (especially saturated fatty acid) intake in children is thought to be the cause of obesity and hyperlipidemia , which are the major risk factors for atherosclerosis and coronary heart disease in adults . In the United States, it has been indicated that atherosclerosis already begins from childhood (6) , and obesity and hyperlipidemia in children has been evoked as the problem (7, 8) . Incidence of coronary heart disease is relatively low in Japan, but the elevation of total cholesterol (or the ratio of LDL cholesterol to HDL cholesterol) with obesity in Japanese children has also been emphasized in terms of preventing coronary heart disease from childhood (9) .
Thus, in this study, we analyzed anthropometric data , nutrient intake, and blood biochemical parameters of 66 Japanese elementary school children living in a downtown area of Tokyo and evaluated their nutritional status , focusing on three problems: (1) zinc nutriture and growth, (2) (RBP) and transferrin concentrations (TF) were measured by radial immunod illusion using Partigen plates (Hoechst). Ferritin concentration (FERR) was measured with the enzyme-linked immunosorbent assay (ELISA) method using the kit for human serum (IR-1400 "MITSUI," Kainos Laboratories, Inc.). Serum iron (SFe), copper (SCu), and zinc concentrations (SZn) were measured by flame atomic absorption spectrometry (Nikon Jarell Ash, AA-845) after being digested with concentrated nitric acid and diluted with distilled deionized water. To ensure the accuracy of the determination, a reference serum (National Inst. Environ . Studies of Japan, NIES, No. 4) was measured simultaneously . From the levels of SFe and TF concentrations, transferrin saturation (TF%, %) was calculated . Statistical methods. Serum triglyceride and ferritin concentrations, which showed skewness in their distribution, were converted to logarithmic values for statistical analysis. Student's t-test, one-way analysis of variance (ANOVA) , and correlation analysis were conducted using the SPSS-X program package (16) .
RESULTS

Anthropometric data
Means and standard deviations of height, weight, BMI , and RI of subjects measured in April 1986 are shown in Table 1 .
Means of height and weight increments per month from April 1986 to January 1987 are shown in Table 2 . There was no sex-related difference in any grade . By ANOVA, for boys only, significant variation with grade was found for both the parameters. Compared with the reference percentile curves for Japanese children (10), two boys and one girl fell below the 10th percentile for height, and four boys and three girls fell below for weight. At the other extreme, three boys and five girls were beyond the 90th percentile for height, and five boys and eight girls were beyond for weight. Weights of girls in grade 4 are distributed in a lower range than the Japanese reference group.
Except for girls in grade 4, means of BMI and RI in our subjects were slightly higher than the 50th percentile for average Japanese children (11) (Figs. 1 and 2 ). About 20% of subjects (13 subjects) were beyond the 90th percentile for BMI and RI.
Energy and nutrient intakes
Means of daily intake of energy and nutrients by grade and sex are shown in Table 3 . In each grade, there was no sex-related difference for energy or for intake of any nutrient. By ANOVA, grade-related differences were found for boys in energy and in all of the nutrients except retinol, carotenes, and retinol potency. On the other hand, for girls, grade-related differences were found in crude fiber, potassium, iron, retinol potency, carotenes, and ascorbic acid intakes. The mean levels of energy and protein intake of the subjects were, more or less, in the range of the recommended levels for Japanese children (93 to 106% for energy and 103 to 123% for protein) (17) . The percentages of zinc, iron, and lipid intakes from animal foods were 50.3, 37.2, and 54.8%, respectively, and there were no significant differences between sexes and among grades.
Blood biochemical data
Means of blood biochemical parameters are shown in Table 4 . Sex-related differences were found in ALP (grade 6), S-UN (grades 2 and 6), TG (grade 4), AI (grade 4), ALB (grade 2), and SFe (grade 4); on all of these parameters except for SFe in grade 4, boys showed higher levels than girls.
By ANOVA, grade-related variations were significant for HT (both sexes) , HB (girls), ALP (boys), TG (both sexes), PROT (boys), ALB (both sexes) , TF% (21) performed a balance study in preadolescent girls (7 to 9 years) and concluded that zinc intake of 7 to 8mg/day was adequate to meet requirements including the retention required for growth . In the report of a WHO expert committee (22) , daily retention required for growth was estimated as 0.2mg for 1 to 10-year-old boys and 0.15mg for 1 to 9-year-old Vol. 38, No. 2, 1992 T. HONGO et al. Table 7 . Number and percentage of subjects considered as anemic and iron-deficient. Table 8 . Number and percentage of subjects who showed serum lipid levels outside the normal range.
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Correlation coefficients between lipid intake and serum lipid parameters.
*,** p<0 .05 and p<0.01 respectively. There was no relationship between serum zinc level and height, weight, or their increments calculating from the changes over 9 months. In Japan, growth retardation related to zinc deficiency in children has not been reported, though the possibility of mild zinc deficiency in adults has been indicated by two findings: (1) average daily zinc intake is estimated to be less than 10mg (actually around 8-9 mg) using the data of the Food Balance Sheet and the National Nutrition Survey and the compiled data on zinc contents of foods (27); (2) the lowered plasma zinc level in some college women has been associated with gustatory dysfunctions for salt (28) . Thus, it is necessary to study the adverse effects of marginal zinc deficiency, including the effect on growth retardation over a longer period in the case of children, carefully in future.
Iron nutriture and anemia. Recommended dietary allowances of iron for Japanese children are 9mg for 6-8 years, 10mg for 9-11 years, and 12mg for 12 years of age (17) . Compared to these levels, mean iron intakes of our subjects, 8.2, 10.2, and 10.2 mg for grade 2 (8.1yr), grade 4 (10.1yr), and grade 6 (12.1yr), respectively, do not completely satisfy the allowance. However, iron requirements are influenced by the bioavailability of the dietary iron consumed. The bioavai lability of heme iron contained in animal foods is high compared to non-heme iron (29) . Thus, WHO recommended different levels of iron intake according to the four classes of bioavailability, depending on the proportion of animal foods consumed (20) . In our subjects, 37% of iron was taken from animal foods, which is equivalent to the high bioavailability diet in WHO's recommendation, the level recommended being 5mg iron for 6 to 11-year-old children (20) . In support of this judgement, no subjects showed SFe, FERR, and TF% lower than the criteria levels. Thus, it can be concluded that no children indicated iron deficiencies and that their iron intake is adequate.
Serum FERR concentration is closely related to the iron stores and is useful for detecting iron-store depletion at earlier stages unless the factors which increase the concentration-infection, inflammation, liver disease, etc. are present (30) . For Japanese children of the age of our subjects, reports on serum FERR level are limited. In the case of 12-year-old girls (first year of junior high school), more than half of the subjects showed serum FERR less than 12ng/ml, and in about 20% of these children, TF% showed less than 16% (31) . In the present study, the criterion used for serum FERR was less than 10ng/ml, as already mentioned, and only three children (4.9%: one girl in grade 2 and two boys in grade 6) showed FERR levels between 10 and 12ng/ml. The reason for this difference is not clear. Most of the junior high school girls might have completed menarche, or their dietary con sumption might be deficient in iron.
Four children (6.5%: two boys and one girl in grade 2 and one boy in grade 6) showed HB levels less than 12g/dl (the lowest: 11.5g/dl), but other indices of iron nutritional status, SFe, FERR, and TF%, were all in normal range. In these cases, the PROT and ALB levels were not low. In a report of the International 
